THE TRANSIENT RECEPTOR POTENTIAL CHANNEL, vanilloid subfamily member 1 (TRPV1), originally described in primary sensory neurons as a receptor for capsaicin and related natural irritants (13, 53) , is a nonselective cation channel expressed by several cell types including sensory neurons. It is activated by heat, by the pungent ingredient of chili peppers, capsaicin, by endogenous hydrogen ions released in tissues during inflammation (53) , or, conceivably, by HCl present in gastric reflux.
TRPV1 activation in primary afferent neurons evokes the sensation of burning pain (including heartburn) and induces neurogenic inflammation by the release of substance P and calcitonin-gene-related peptide. We have recently shown that TRPV1 receptors are present in esophageal epithelial cells and respond to exposure to HCl or capsaicin by producing platelet activating factor (PAF) (17) . PAF is an important inflammatory mediator that acts as a chemoattractant and activator of immune cells, with special emphasis on eosinophils (55) . PAF induces production of H 2 O 2 in leukocytes (preferentially in eosinophils, Ref. 25) and is among the most important inducers of eosinophil function. It selectively induces the migration of eosinophils over neutrophils (45, 55) . It has an important role in eosinophil transmigration through basement membrane components (33) ; it promotes actin polymerization (51) and eosinophil adherence to vascular endothelial cells (27) and evokes the release of reactive oxygen species by immune cells (44, 60) and by esophageal circular muscle (14, 15) . Other than for one experimental study in the opossum (35) and work from our laboratory (14 -18) , a role of PAF in esophageal inflammation has not been extensively investigated. Because PAF is a potent phospholipid mediator of many leukocyte functions, its activation in esophageal epithelial cells may play an important role in the pathophysiology of inflammatory disorders in the esophagus. This study shows that TRPV1 receptors are present in the esophageal epithelial cells and that their activation leads to production of PAF. Therefore, further study of this signaling pathway is clinically significant.
PAF is synthesized in various cells and tissues via two distinct pathways, the de novo and the remodeling pathways. The de novo pathway involves de novo synthesis of precursor phospholipids, converted to PAF by a unique cholinephosphotransferase (36) . This pathway is analogous to phosphatidylcholine synthesis, but the enzymes are specific for the appropriate precursors (36, 41, 46) . Several cells that produce PAF (e.g., endothelial cells) do not use the de novo route (36) . A function for the de novo pathway has not been clearly established, but it is thought that the de novo pathway may produce a small amount of PAF constitutively where needed to promote appropriate physiological responses (56) .
In contrast, the enzymatic synthesis of PAF through the remodeling pathway has been characterized in endothelial cells and other inflammatory and vascular cells (26, 41) . This pathway is activated on demand, is highly regulated, and most commonly involves a two-step mechanism. Namely, the precursor of PAF, lyso-PAF, is synthesized by the action of phospholipase A2 (36, 42, 46) , removing arachidonic acid (AA) from a membrane phospholipid and resulting in AA and 1-alkyl-phosphatidylcholine (lyso-PAF). Then lyso-PAF is converted to PAF by acetyl-CoA:lyso-PAF acetyltransferase (lyso-PAF AT) (58) . This pathway may be activated in several cell types by Ca 2ϩ ionophores (43) and by steps involving phosphorylation (36) .
To examine how PAF is produced in esophageal epithelial cells in response to TRPV1 receptor activation, we used the human esophageal squamous epithelial cell line HET-1A to elucidate the signal transduction pathway activated by the selective TRPV1 receptor agonist capsaicin. Capsaicin signaling begins with calcium influx through vanilloid receptor channels and ends in production of PAF. Because epithelial cells constitute the first barrier encountered by acid reflux, production of PAF by these cells may be the first step in the inflammatory process. The sequential steps beginning with TRPV1 receptor activation and resulting in PAF production have not been previously described.
MATERIALS AND METHODS
HET-1A cell culture. Human esophageal squamous HET-1A cells (ATCC, Manassas, VA) were cultured in the bronchial epithelial cell medium (BEGM BulletKit; Lonza, Walkersville, MD) containing a basal medium (BEBM) plus the additives (BEGM SingleQuots, Lonza) in wells precoated with a mixture of 0.01 mg/ml fibronectin and 0.03 mg/ml vitrogen 100 (Cohesion, Palo Alto, CA). The cell line was cultured at 37°C in a 5% CO 2-humidified atmosphere. The cell line was originally obtained from normal human esophageal autopsy tissue. It has been shown to retain epithelial morphology, and it stains positively for cytokeratins and has remained nontumorigenic (49) .
RT-PCR. Total RNA was isolated by Trizol reagent (Invitrogen, Carlsbad, CA) from HET-1A cells. Two micrograms of total RNA were reversely transcribed and then subjected to PCR by using a kit SUPERSCRIPT First-Strand Synthesis System for RT-PCR (Invitrogen).
Primers for TRPV1 mRNA were 1) sense: GACTTCAAGGCT-GTCTTCATCATCC, 2) antisense: CAGGGAGAAGCTCAGGGTGCGC. The primers were derived from conserved regions of mRNA sequences of humans, rat, dog, mouse, guinea pig, and rabbit. We confirmed, through the BLAST database, that the primers were specific for TRPV1. Reactions were carried out in a PTC-100 Programmable Thermal Controller (MJ Research, Waltham, MA) for one cycle at 94°C for 5 min, followed by 40 cycles at 94°C for 1 min, 62°C for 1 min, and 72°C for 1 min. Ca 2Ϯ imaging. Cells were loaded with fura-2 AM 1.25 ϫ 10 Ϫ6 M for 40 min and placed in a 5-ml chamber mounted on the stage of an inverted microscope (Carl Zeiss, Jena, Germany). The cells were allowed to settle onto a coverslip at the bottom of the chamber. The bathing solution was HEPES-buffered solution. After the basal Ca 2ϩ concentration was obtained, capsaicin was added to the bathing solution and the final concentration was 10 Ϫ5 M. Ca 2ϩ concentrations were measured continuously after adding capsaicin. Ca 2ϩ measurements were obtained using a modified dual excitation wavelength imaging system (IonOptix, Milton, MA). The Ca 2ϩ concentrations were measured from the ratios of fluorescence elicited by 340-nm excitation to 380-nm excitation using standard techniques (22) . Ratiometric images were masked in the region outside the borders of the cell because low photon counts give unreliable ratios near the edges. Peak Ca 2ϩ increase was defined as the difference between the peak value and the basal value.
Western blot analysis. M phenylmethylsulfonyl fluoride, 1 g/ml leupeptin, 1 g/ml pepstatin A, and 1 g/ml aprotinin. The suspension was centrifuged at 15,000 g for 5 min, and the protein concentration in the supernatant was determined. Western blot was performed as described previously (31) . Briefly, after these supernatants were subjected to SDS-PAGE, the separated proteins were electrophoretically transferred to a PVDF membrane (Perkin Elmer, Waltham, MA) at 100 V for 60 min. The membranes were blocked in 5% non-fat dry milk and then incubated with antiphosphorylated p38 MAPK antibody (1:1,000) (Cell Signaling, Danvers, MA) or with antiphosphorylated cPLA 2 antibody (1: 1,000) (Cell Signaling) overnight, followed by 60 min of incubation in horseradish peroxidase-conjugated secondary antibody (1:3,000) (Cell Signaling). Detection was achieved with an enhanced chemiluminescence agent (Amersham, Piscataway, NJ). After detecting the phosphorylated p38 MAPK or cPLA 2, the membranes were incubated in stripping buffer (100 mM 2-mercaptoethanol, 2% SDS, and 62.6 mM Tris · HCl, pH 6.7) at 50°C for 30 min, washed three times (10 min each), and then reprobed by using anti-p38 MAPK antibody (1:1,000) (Cell Signaling) or anti-cPLA 2 antibody (1:1,000) (Cell Signaling), respectively. Data were normalized to total p38 or total cPLA2 and reported as relative optical density.
Measurement of PAF. The HET-1A cells were treated for 24 h with 10 Ϫ7 M capsaicin alone or after 30 min incubation with SB203580 (10 Ϫ5 M) or with AACOCF3 (2 ϫ 10 Ϫ5 M) or with the lyso-PAF AT inhibitor sanguinarin (10 Ϫ6 M). Culture medium was collected for PAF measurement, and cells were collected for protein measurement.
Measurement of PAF was made using the PAF-[ 3 H] scintillation proximity assay system (TRK 990; Amersham International, Amersham, UK). Scintillation proximity assay is a sensitive assay system that uses microscopic beads containing scintillant that emit light when radiolabeled molecules of interest bind to the surface of the bead.
Lyso-PAF acetyl-CoA transferase activity. Cells were treated for 45 min with 5 ϫ 10 Ϫ5 M capsaicin alone or after 30-min incubation with 5=-IRTX (10 Ϫ6 M) or with SB203580 (10 Ϫ5 M) or with AACOCF3 (2 ϫ 10 Ϫ5 M) or with the MAPK/ERK kinase (MEK) inhibitor PD98059 (2 ϫ 10 Ϫ5 M). Cells were scraped from the wells in 200 l of ice-cold homogenization buffer containing 0.25 M sucrose, 10 mM EDTA, 5 mM mercaptoethanol, 50 mM NaF, 10 Ϫ5 M phenylmethylsulfonyl fluoride, 1 g/ml aprotinin, and 50 mM Tris · HCl (pH 7.4) and homogenized by sonication (4 ϫ 20 s at 1-min intervals). The homogenates were centrifuged at 4°C, 600 g for 10 min. The supernatants were collected for the lyso-PAF acetyl-CoA transferase activity assay, and the protein concentration in the supernatants was measured by the Bradford method (10). The activity of the lyso-PAF acetyl-CoA transferase was measured by a method described by Nomikos et al. (32) . Briefly, supernatants containing 10 g of protein were incubated for 30 min at 37°C with 4 nmol of lyso-PAF and 40 nmol of [H 3 ]acetyl-CoA (100 Bq/nmol) in a final volume of 200 l of 50 mM Tris · HCl buffer (pH 7.4) containing 0.25 mg/ml BSA and 1 mM dithiothreitol. After incubation, 4 l of BSA (100 mg/ml) were added, and the reaction was stopped by addition of 64 l of 40% cold trichloroacetic acid solution. The reaction mixtures were kept in ice for 30 min and centrifuged at 10,000 g for 2 min. The supernatants were discarded, and the pellets containing the [H 3 ]PAF bound to the denaturated BSA were dissolved in EcoLume scintillation cocktail (MP Biomedicals, Solon, OH); the radioactivity was then determined by liquid scintillation counting. Matching controls were run in the absence of lyso-PAF to subtract the radioactivity of the endogenously produced [ Differences between multiple groups were tested using ANOVA and checked for significance using Fisher's protected least significant difference test.
RESULTS
We have previously demonstrated TRPV1-mediated production of PAF in cat esophageal epithelial cells (17) . In the present investigation, we examined the signaling pathway responsible for PAF production in the human esophageal epithelial cell line HET-1A, in response to activation of TRPV1 receptors. Figure 1 shows RT-PCR and Western blot data for TRPV1 receptors in HET-1A cells. RT-PCR primers were derived from the conserved mRNA sequence of humans and other species (17) . A band was recognized as expected (Fig. 1A) . The PCR product was sequenced and found to be specific for TRPV1.
To confirm the presence of TRPV1 protein in HET-1A cells, Western Blot analysis was performed. Cells were collected, and a 100-kDa band was immunoblotted with a TRPV1 antibody, confirming the presence of TRPV1 receptors in these esophageal epithelial cells (Fig. 1B) .
Because TRPV1 is a nonselective cation channel that has been linked to influx of extracellular Ca 2ϩ (13), we examined cytosolic Ca 2ϩ levels in response to the selective TRPV1 receptor agonist capsaicin (Fig. 2) . In fura-2 AM-loaded HET-1A cells, capsaicin (10 Ϫ5 M) caused a gradual increase in cytosolic Ca 2ϩ levels that occurred over several minutes, peaking at 4 min, confirming the presence of functional TRPV1 receptors in these epithelial cells.
Capsaicin was then used to examine production of PAF in HET-1A cells (Fig. 3) . The cells were incubated for 24 h with The PCR product was sequenced and found to be specific for TRPV1. To confirm the presence of TRPV1 protein in HET-1A cells, Western Blot analysis was performed. Cells were collected, and a 100-kDa band was immunoblotted with a TRPV1 antibody, confirming the presence of TRPV1 receptors in these esophageal epithelial cells. B: Western blots from 3 separate culture wells containing HET-1A cells. capsaicin (10 Ϫ7 M), alone or after 30-min exposure to the p38 MAPK inhibitor SB203580 (10 Ϫ5 M) or the cPLA 2 inhibitor AACOCF3 (2 ϫ 10 Ϫ5 M) or the lyso-PAF acetyl-CoA transferase inhibitor sanguinarin (10 Ϫ6 M). Because of the prolonged exposure to capsaicin required to measure PAF, a lower concentration was used than the one used in phosphorylation experiments that occur within 30 min. Capsaicin caused a significant increase in PAF levels that was significantly reduced by SB203580, by AACOCF3, and by sanguinarin, indicating that PAF production depends on activation of p38 MAP kinase, cPLA 2 , and lyso-PAF acetyl-CoA transferase.
To confirm that capsaicin-induced p38 phosphorylation is mediated through TRPV1 receptors we examined the effect of the TRPV1 receptor antagonist IRTX. IRTX inhibited capsaicin-induced p38 phosphorylation, confirming involvement of TRPV1 receptors in this process (Fig. 4) .
Because p38 phosphorylation and cPLA 2 phosphorylation may be involved in TRPV1-induced production of PAF, we examined whether p38 may activate cPLA 2 or vice versa. Figure 5 shows that p38 inhibition by SB203580 prevents capsaicin-induced cPLA 2 phosphorylation, but the cPLA 2 inhibitor AACOCF3 has no effect on capsaicin-induced p38 phosphorylation (Fig. 6 ). The data suggest that capsaicininduced calcium influx results in activation of p38 and p38-induced activation of cPLA 2 .
A cytosolic Ca 2ϩ elevation has been shown to activate p38 MAP kinase (28, 57) . Figure 7 demonstrates that 30-min incubation with the calcium ionophore A23187 (3 ϫ 10 Ϫ6 M) induced a significant increase in p38 phosphorylation that was abolished by the extracellular calcium chelator BAPTA (4 ϫ 10 Ϫ4 M), indicating that a cytosolic calcium elevation induces p38 phosphorylation. To investigate possible mechanisms of calcium-induced p38 phosphorylation, we examined the effect of CaM and of CaM-K inhibitors. The cells were preincubated for 1 h with the CaM-K inhibitors KN93 or STO-609, or the CaM inhibitor W-7. KN93 is a small molecule inhibitor of CaM-KI and CaM-KIV but also inhibits CaM-dependent protein kinase II (30), whereas STO-609 inhibits the two isoforms of CaM-K kinase (CaM-KK) (30) , resulting in inhibition of CaM-KI and CaM-KIV, but not CaM-KII. Figure 7 shows that the A23187-induced increase in p38 phosphorylation was in- hibited by W-7 and by KN93, suggesting that p38 phosphorylation results from calcium-mediated activation of CaM and CaM-K. Phosphorylation of p38 is most likely mediated by CaM-KII because the calcium-induced phosphorylation was inhibited by KN93 and not by STO-609.
Similarly, capsaicin-induced stimulation of TRPV1 (Fig. 8 ) resulted in p38 phosphorylation that was inhibited by the extracellular calcium chelator BAPTA (4 ϫ 10 Ϫ4 M), in combination with the ATPase inhibitor thapsigargin, confirming that a cytosolic calcium elevation mediates capsaicin-induced p38 phosphorylation. Similarly to A23187, capsaicin-induced p38 phosphorylation was inhibited by the CaM-K inhibitor KN93 (but not by STO-609) and by the CaM inhibitor W-7.
We next examined how these enzymes contribute to activation of lyso-PAF AT. Figure 9 demonstrates that capsaicininduced activation of lyso-PAF AT is inhibited by the TRPV1 antagonist IRTX, as expected, and by the p38 inhibitor SB203580, indicating that p38 is responsible for activation of the enzyme. In contrast, the MEK inhibitor PD98059 and the cPLA 2 inhibitor AACOCF3 had no effect on capsaicin-induced lyso-PAF AT activation. The data indicate that p38 (but not ERK1/ERK2) is responsible for lyso-PAF AT activation and that cPLA 2 , although necessary to remove the AA group from phospholipids, producing lyso-PAF, does not per se contribute to activation of the lyso-PAF AT enzyme.
DISCUSSION
We have previously demonstrated that mucosal exposure to acid results in formation of PAF in cat (15, 17) and human (14) esophageal mucosa, and involves HCl-induced activation of . Capsaicin caused activation of lyso-PAF acetyltransferase (*P Ͻ 0.001) that was inhibited by the TRPV1 antagonist IRTX (#P Ͻ 0.001) and by the p38 inhibitor SB203580 (#P Ͻ 0.001). In contrast, the MEK inhibitor PD98059 and the cPLA2 inhibitor AACOCF3 had no effect on capsaicin-induced lyso-PAF acetyltransferase activation. The data indicate that P38 (but not ERK1/ERK2) is responsible for lyso-PAF acetyltransferase activation and that cPLA2 does not contribute to activation of the lyso-PAF acetyltransferase enzyme. Values are means Ϯ SE for 3 experiments.
TRPV1 receptors (17) in esophageal epithelial cells. TRPV1 receptors are present on esophageal epithelial cells and are directly linked to production of PAF through nonneural mechanisms, causing the initial event responsible for a subsequent cascade of inflammatory mediators in circular muscle (14, 15) . PAF is an important inflammatory mediator that acts as a chemoattractant and activator of immune cells, with special emphasis on eosinophils (55) . In addition, PAF has been shown to directly contribute to esophageal mucosal damage (35) . Because epithelial cells constitute the first barrier encountered by acid reflux, production of PAF by these cells may be the first step in the inflammatory process. Thus PAF may be an important inflammatory mediator contributing to induction of esophagitis.
We therefore investigated the signal transduction pathway mediating TRPV1-induced production of PAF. Individual steps in this pathway have been elucidated in a variety of cell types, but the entire pathway from TRPV1 to PAF has not been previously demonstrated. We used the esophageal epithelial cell line HET-1A that was originally obtained from normal human esophageal autopsy tissue. The HET-1A cell line has been shown to retain epithelial morphology, stains positively for cytokeratins, and has remained nontumorigenic (49) . We demonstrate here that HET-1A cells contain vanilloid receptors that are linked to increased cytosolic calcium and produce PAF in response to the selective TRPV1 agonist capsaicin, confirming that TRPV1 receptors are present not only in submucosal neurons, as previously demonstrated (8, 29) , but also in the epithelial cells themselves (17) , in agreement with recent data by Akiba et al. (1) .
PAF is not stored and is produced in response to specific stimuli (36) , via a remodeling pathway in which p38 MAPK is required to elicit PAF synthesis (7) . PAF is a potent activator of many cell types including platelets, monocytes, polymorphonuclear leukocytes, mast cells, and vascular endothelium. PAF interacts with a single G protein-linked transmembrane receptor that specifically recognizes PAF and related PAF-like lipids and is expressed on the surface of a variety of cell types (37, 59) . In the immortalized human keratinocyte-derived cell line HaCaT, acute thermal or oxidative stress induced PAF production (2) . In addition, PAF is produced after treatment with the peptide growth factor endothelin-1 or with the calcium ionophore A23187 (2) .
PAF biosynthesis involves a two-step enzymatic process yielding the active molecule from the membrane alkyl-ether choline-containing phospholipids. The first step involves a phospholipase A 2 that hydrolyzes a long-chain fatty acid (which can be AA) from membrane phospholipids, leaving the intermediate compound lyso-PAF-acether, a PAF-acether precursor that is acetylated by an acetyltransferase in a second step (5) . In this pathway, membrane phospholipids are converted by a PLA 2 into lyso-PAF, which is then acetylated by the acetylCoA:lyso-PAF AT to form PAF (7, 11, 47) . In downstream signaling, the ERK and p38 MAP kinase pathways can both activate the 85-kDa cPLA 2 (27, 31) , believed to be essential for PAF synthesis (6, 36) , whereas only p38 MAP kinase appears to activate the acetyltransferase (4) . Our data are consistent with this pathway, as we show (Fig. 3 ) that capsaicin-induced production of PAF in HET-1A cells depends on activation of cPLA 2 and p38 phosphorylation and activation of acetyl-CoA: lyso-PAF AT. Figure 9 excludes a role of ERK MAP kinase in activation of lyso-PAF AT because the MAP kinase kinase inhibitor PD98059 does not affect lyso-PAF AT activity. Figure 4 demonstrates that capsaicin-induced p38 phosphorylation depends on selective activation of TRPV1, as it is blocked by the selective high-affinity TRPV1 receptor antagonist IRTX (40) .
We next examined sequential activation of these enzymes and demonstrated that capsaicin induces phosphorylation/activation of p38 MAP kinase, which is not inhibited by the cPLA 2 inhibitor AACOCF3 (Fig. 6) , whereas capsaicin-induced phosphorylation/activation of cPLA 2 is blocked by the p38 inhibitor SB203580 (Fig. 5) , indicating that capsaicin-induced phosphorylation/activation of p38 MAP kinase in turn induces phosphorylation/activation of cPLA 2 and of the acetyl-CoA: lyso-PAF AT. cPLA 2 then converts membrane phospholipids into lyso-PAF, which can then be acetylated by the acetylCoA:lyso-PAF AT to form PAF. The activation of cPLA 2 is essential for capsaicin-induced production of PAF, as PAF production is blocked by AACOCF3. Once the membrane phospholipids are converted by cPLA 2 into lyso-PAF, p38 may directly activate the acetyl-CoA:lyso-PAF AT, and the activation is independent of cPLA 2 , as shown in Fig. 9 .
Several reports have demonstrated, mostly in neurons, that the phosphorylation of p38 is increased by Ca 2ϩ influx (28, 31, 39, 50) ; for instance, calcium influx into cerebellar granule neurons led to activation of p38 mitogen-activated protein kinase (28) . Capsaicin injection induced phosphorylated p38 in small-to-medium diameter sensory neurons with a peak at 2 min after injection (31) , most likely by increasing calcium influx. It is thought that TRPV1 receptors, initially identified as capsaicin receptors (13) , are nonselective cation channels with a preference for Ca 2ϩ that may be activated by heat, low pH, as well as by capsaicin and endogenous proinflammatory substances (13, 20) . In HET-1A cells, capsaicin induced a gradual cytosolic calcium increase (Fig. 2) that may initiate the chain of events leading to production of PAF, as it is known that the remodeling pathway utilized in production of PAF may be activated by influx of calcium (2, 4) .
This view is consistent with our data (Fig. 7) , indicating that Ca 2ϩ influx induced by the calcium ionophore A23187 results in p38 phosphorylation that was abolished by the calcium influx inhibitor BAPTA. Similarly, capsaicin-induced activation of TRPV1 results in p38 phosphorylation that was inhibited by a combination of BAPTA and thapsigargin, supporting the hypothesis that a TRPV1-mediated cytosolic calcium increase contributes to p38 phosphorylation. Thapsigargin was used in conjunction with BAPTA to inhibit possible capsaicininduced release of calcium from the endoplasmic reticulum because capsaicin is membrane permeable and TRPV1 receptors have been recently demonstrated in the endoplasmic reticulum (24, 34) . How increased calcium concentration results in phosphorylation and activation of p38 and, eventually, production of PAF (2) has not been clearly demonstrated, but it is known that calcium activates CaM-K, which can phosphorylate p38 (21) . Calcium bonds with relatively low affinity with CaM (3, 9, 48, 52), and the Ca 2ϩ -CaM complex activates several kinases, including CaM-Ks (30, 52) . The finding that the CaM inhibitor W-7 inhibits p38 phosphorylation in response to either A23187 (Fig. 7) or capsaicin ( Fig. 8 ) supports CaM as a participant in this pathway. The CaM-dependent kinases CaM-KI, CaM-KII, and CaM-KIV have broad substrate specificity, whereas CaM-KIII, phosphorylase kinase, has limited substrate specificity (38) . The traditional mechanism of activation for the CaM-Ks is through calcium/CaM complex binding, which induces phosphorylation of other CaM-Ks (CaM-KI and CaM-KIV) by CaM-KK (54) or via autophosphorylation (38) . CaM-KII is the best characterized of the multifunctional CaM-Ks and is expressed in a variety of tissues (19) . Chemical inhibitors, such as KN93, are known to suppress CaM-KII activity but are also effective in inhibiting CaM-KI and CaM-KIV (23, 38) . Therefore, inhibition of a cellular process by KN93 implies that the process involves CaM-KI, CaM-KIV, or CaM-KII. Because the two CaM-KKs (␣ and ␤) are inhibited by STO-609 and phosphorylate CaM-KI and CaM-KIV but not CaM-KII, inhibition of a cellular process by KN93 but not by indicates that it is probably regulated by CaM-KII. The CaM-K cascade, in turn, can activate MAP kinase pathways, particularly JNK and p38 (12, 21) . We find that p38 phosphorylation in response to the calcium ionophores A23187 or to the TRPV1 receptor agonist capsaicin is most likely CaM-KII mediated because it is blocked by KN93 but not by STO-609 (Figs. 7 and 8) .
P38-induced phosphorylation of acetyl-CoA:lyso-PAF AT is thought to be the final step in activation of the enzyme, resulting in production of PAF. Figure 4 confirms that activation of the enzyme by capsaicin is selectively mediated by TRPV1 receptors because it is antagonized by the TRPV1 antagonist IRTX. As expected, acetyl-CoA:lyso-PAF AT activity was reduced by the p38 inhibitor SB203580 but not by the MEK inhibitor PD98058, indicating that p38 (and not ERK1/ERK2) is solely responsible for activation of the enzyme. Activation of acetyl-CoA:lyso-PAF AT was not affected by the cPLA 2 inhibitor AACOCF3. This finding indicates that cPLA 2 is required only to remove AA from phospholipids, producing the PAF precursor lyso-PAF-acether that may be then acetylated by the acetyltransferase. cPLA 2 , however, is not required to activate acetyl-CoA:lyso-PAF AT to produce PAF. Figure 10 summarizes the findings of this investigation. Activation of TRPV1 causes influx of calcium (and possibly release from intracellular stores) into the cytoplasm, with binding to CaM and activation of CaM-KII. CaM-KII in turn phosphorylates p38, inducing activation of both cPLA 2 and acetyl-CoA:lyso-PAF AT. cPLA 2 then removes AA from phospholipids, producing the PAF precursor lyso-PAF-acether. Acetyl-CoA:lyso-PAF AT then acetylates the lyso-PAFacether to produce PAF.
TRPV1-induced production of PAF by epithelial cells may be a key event contributing to initiation of the inflammatory process.
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